Background: Reed-Sternberg cells of classical Hodgkin's lymphoma (cHL) are characterized by genetic alterations at the 9p24.1 locus, leading to over-expression of programmed death-ligand 1 and 2. In a phase 1b study, nivolumab, a PD-1-blocking antibody, produced a high response in patients with relapsed or refractory cHL, with an acceptable safety profile.
Introduction
Hodgkin's disease is a common B-cell neoplasm, the incidence of which shows regional variance; it constitutes 14.4% of lymphomas in the UK [1] , 8 .76% of lymphoid neoplasms in the United States [2] , and 21.5% of lymphoma cases in Turkey [3] . Classical Hodgkin's lymphoma (cHL) is considered a curable disease, with sustained remission achieved in 80% of patients after first-line treatment. However, approximately one-third of responders relapse following first-line therapy, and 15% of patients do not respond to both first-and second-line therapies [4] . Patients relapsing following autologous stem-cell transplantation (auto-SCT) have worse prognosis, and brentuximab vedotin (BV) is an important option for these cases [5, 6] . However, the median progression-free survival (PFS) for patients refractory to BV is only 3.5 months [7] .
Immune checkpoint inhibitors are emerging treatment alternatives for patients progressing following auto-SCT. The overexpression of programmed death-1 (PD-1) ligands on ReedSternberg cells suggests the genetic vulnerability of cHL to PD-1 blockade [8] . Accordingly, nivolumab and pembrolizumab, immunoglobulin G4 immune checkpoint inhibitors that target PD-1, have been demonstrated to show substantial response rates, with acceptable safety profiles in resistant/relapsed cHL [9] [10] [11] .
This retrospective multicenter study aimed to provide information about the efficacy and safety of nivolumab in the 'real-life' setting in Turkey.
Methods
Twenty-four centers throughout Turkey participated in this study. Eligible patients included cHL patients treated with at least one course of nivolumab. The decision about inclusion of patients with organ dysfunction was made by the attending physician on an individual basis. Patients received nivolumab via a named patient program, and there was no restriction for BV-and/or transplantation-naïve cases. Nivolumab was administered as a 3 mg/kg intravenous infusion over 60 min every 2 weeks in the outpatient setting until death of any cause, unacceptable toxicity, withdrawal of consent, or the primary physician's decision. The study was approved by the local ethical committee.
The primary end point was the overall response rate (ORR); secondary end points included overall survival (OS), PFS, and safety. The response was assessed by positron-emission tomography/computed tomography (PET/CT) or CT alone. Early radiological evaluation was defined as imaging conducted at or before week 12 of treatment, whereas late radiological evaluation was defined as imaging carried out at or after week 16 of therapy. The response evaluation was carried out according to the Lugano Classification [12] and its revision regarding immunomodulatory therapy [13] . In addition, the imaging materials that could be collected from all 24 centers were re-assessed by two experienced nuclear medicine physicians in a peer-review process (supplementary Table S1 , available at Annals of Oncology online).
OS and PFS were defined as the times from the first dose of nivolumab to death of any cause and until disease progression or death of any cause, whichever occurred first, respectively [14] . Both OS and PFS were censored at the date of last information and were estimated using the Kaplan-Meier method. Exact 95% confidence intervals (CIs) were used when appropriate. All data analyses were carried out using STATA 11.1 SE software. The safety and the tolerability were assessed before each nivolumab cycle according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.03 [15] .
Results
From June 2015 to November 2016, 87 patients with relapsed or refractory classical HL were enrolled in a named patient program in Turkey. Five patients who had not reached the time for early radiological evaluation were excluded from the analysis. Thus, 82 patients from 24 centers were retrospectively analyzed ( Figure 1 ). The median age of all patients was 30 (18-75) years, and there was a male predominance (58%). Most patients had an Eastern Cooperative Oncology Group performance status of 0 or 1 (89%), and approximately half (49%) had B symptoms before the initiation of nivolumab therapy. Fifty-seven patients (70%) had undergone a previous SCT; 41, 14, and 2 patients had undergone auto-SCT alone, both auto-and allogeneic (allo-) SCT, and allo-SCT alone, respectively, before nivolumab treatment. The patients received a median of 5 (2-11) previous lines of therapy. The median exposure to nivolumab was 7 (1-22) months, and the median number of cycles was 12 (1-40). The demographic features and disease characteristics of the patients are summarized in Table 1 .
At the time of analysis, 41 patients remained on nivolumab treatment. Among the remaining 41 patients who discontinued nivolumab, the main reason was disease progression (n ¼ 19), followed by SCT (n ¼ 11; 5 allogeneic, 2 haploidentical, 4 autologous), death due to progressive disease (n ¼ 4), lack of improvement of response with subsequent nivolumab cycles [n ¼ 2; one patient with partial response (PR) and one with stable disease (SD)], graft-versus-host disease (GVHD) aggravation after nivolumab (n ¼ 2; one patient with acute exacerbation of chronic GVHD and one with severe acute GVHD 6 months following allo-SCT), autoimmune encephalitis following the third cycle of nivolumab treatment (n ¼ 1), pulmonary serious adverse event (n ¼ 1), and withdrawal of consent (n ¼ 1) (Figure 1 ).
Efficacy evaluation
Early response assessment was carried out in 75 patients (using PET/CT and CT in 64 and 11 patients, respectively). The ORR was 64% (CR in 21% and PR in 43%; 95% CI 2.17-6.59) ( Table 1) . Thus, most responses to nivolumab were achieved in the first 12 weeks of the treatment course. The ORR in the late response assessment (n ¼ 64; PET/CT and CT in 53 and 11 patients, respectively) was 60% (CR in 26% and PR in 34%; 95% CI 3.03-17.7) ( Table 1) . Thirty-four patients (63% of responders) had a response duration 6 months at the time of analysis. *Nivolumab was stopped in 1 pt at the 4th month and he had allo-SCT at the 10th month, still alive and not evaluated yet following SCT *Nivolumab was stopped in 2 pts with PD, they are alive at the 5th and the 6th month. *4 pts died due to PD 7 with no early radiological evaluation *4 pts are still in CR, on nivolumab treatment at the 9th, the 9th, the 14th and the 18th month, respectively. *2 pts in CR had haploidentical transplantation at the 6th and the 14th months, respectively, nivolumab was stopped and they are both alive in CR at the 16th and the 16th month, respectively. *1 pt in CR had allo-SCT at the 5th month; is still in CR at the 9th month *1 pt in CR had auto-SCT at the 7th month and is alive in CR at the 10th month *Nivolumab was stopped in 1 pt due to a pulmonary adverse event; he is still in CR at the 11th month *2 pts had PD; 1 had auto-SCT and is alive with PD at the 14th month of follow-up; the other patient is still on nivolumab at the 14th month of follow-up 27 patients (26/27 alive) *4 pts achieved CR, 2 of them are on nivolumab at the 10th and the 10th month of follow-up; 2 pts had allo tx after CR achievement, both of them are still in CR at the 14th and the 15th months. *2 pts in PR had allo-SCT at the 9th and the 17th months and are alive in PR at the 12th and the 17th month, respectively *1 pt in PR had auto-SCT and is still in PR at the 17th month of follow-up. *11 pts still in PR on nivolumab (at the 5th, the 7th, the 7th, the 8th, the 8th, the 10th, the 14th, the 14th, the 14th, the 21st, and the 22nd months) and 1 pt in PR stopped nivo on his own decision at the 7th month and is still in PR at the 15th month. *2 pts had PR however one had PD at the 7th month and died of aspiration pneumonia at the 8th month; the other pt had PD at the 12th month and is stil on nivolumab at the 15th month *5 pts had PD (nivolumab was stopped in 3 pts at the 8th, the 9th, and the 9th months and they are alive at the 13th, the 13th, and the 15th months; 2 pts are still on nivolumab at the 5th and the 12th months) *1 pt having had allo-SCT prior to nivolumab, had GVHD occurrence after 1st cycle of nivolumab and the agent was stopped; she had PD at the 9th month and is still alive at the 10th month *2 pts in CR at the 14th and the 17th month *1 pt in PR at the 11th month *2 pts had SD, one had auto-SCT at the 5th month, alive with SD at the 10th month and the other pt is on nivolumab at the 9th month of follow-up. *Nivolumab was stopped in 2 pts due to PD at the 5th and the 8th month.
*Nivolumab was stopped in 3 pts in PD at the 2nd, the 3rd, and the 6th month, auto-SCT was performed and the patients are alive at the 12th, the 8th, and the 18th month with PD, SD, and CR, respectively. *Nivolumab was stopped in 2 pts in PD at the 3rd and the 4th month and allo-tx was performed, patients died of aGVHD and sepsis and of sepsis, respectively. *7 pts had PD, nivolumab was stopped in 5 pts; two pts are alive with PD at the 7th and the 9th, one pt received salvage regimen and is alive with PR at the 13th month, whereas two patients died of PD at the 6th and the 8th month, respectively. One patient achieved CR at the 7th month and is alive with CR at the 12th month, still on nivolumab. The last patient is still on nivolumab, with PD at the 8th month. *2 pts achieved CR, one is still on nivolumab at the 12th month whereas auto-SCT was recently performed to the second patient at the 13th month. *4 pts achieved PR, two of them are still oo nivolumab at the 9th and the 11th month, whereas the agent was stopped in the other two patients, one had recent auto-SCT and the other had allo-SCT. *Nivolumab was stopped after the 3rd dose due to encephalitis in 1 pt. Response assessed by CT at the 6th month was consistent with SD, however the disease progressed at the 8th month's PET and he receives another regimen at the 11th month of follow-up. Figure 1 . Results of the post-nivolumab evaluation. CR, complete response; GVHD, graft versus host disease; PR, partial response; SCT, stem cell transplantation; SD, stable disease; PD, progressive disease; pts, patients.
Although the differences in the response assessment between investigators and independent radiological review committees are remarkable in the literature [10] , our imaging materials were peer-reviewed by two experienced nuclear medicine specialists (70% of early radiological images and 48% of late radiological evaluations), and, as a result, we found that there was almost no difference between the investigators' and peer-review assessments (supplementary Table S1 , available at Annals of Oncology online).
The 6-month OS and PFS rates were 91.2% (95% CI 0.83-0.96) and 77.3% (95% CI 0.66-0.85), respectively. The median OS and PFS were not reached.
Progressive disease after achieving an objective response was seen in 17% of responders (n ¼ 8); 2 of 16 patients with CR and 6 of 32 patients with PR.
Bridging to transplantation
In our cohort, nine patients underwent auto-SCT; in six of these patients, this was their first auto-SCT. All four patients with an objective response before transplantation (2 CR and 2 PR) showed continuous responses at the 10th, 14th, 14th and 17th month of follow-up, respectively. One patient with SD also kept her status following SCT. One of the four patients with PD responded to the auto-SCT and is alive with CR at the 18th month of follow-up, whereas one and two patients showed SD and PD, respectively, following SCT.
Among the 11 patients receiving allo-SCT (Table 2) , 8 patients had objective responses to nivolumab (5 CR and 3 PR), and, at the time of analysis, all except 2 patients with PR who both had a recent allo-SCT and were not evaluated yet, showed ongoing responses. In this group, three patients developed skin GVHD (grades 1, 2, and 4) and one patient had chronic lung GVHD. The patient with grade 4 skin GVHD and the one with chronic lung GVHD were receiving extracorporeal photopheresis at the time of analysis.
Three patients underwent allo-SCT with PD; two of them died, owing to sepsis in one case and acute grade 4 GVHD and sepsis in the other. The patient who died due to sepsis received allo-SCT in an experienced transplantation center, 15 days after the last dose of nivolumab; this patient had an atypical septic shock picture on D þ 11, with no fever or hypothermia, indicating potential early immune toxicity (Figure 2 ).
Deaths
Among the 10 patients who died during the follow-up period of our analysis, four died before the early imaging evaluation. Two patients died due to disease progression at 6 and 8 months of follow-up, respectively. These two patients who progressed under nivolumab underwent allo-SCT and, those two patients as mentioned above, (last paragraph of efficacy evaluation) died due to sepsis, and acute GVHD and sepsis. One patient who had previously undergone allo-SCT showed CR with nivolumab; however, she died due to acute severe GVHD 6 months following allo-SCT, which was considered related to the nivolumab treatment. One patient with PR showed PD at the 7-month follow-up and died due to aspiration pneumonia.
Safety evaluation
A total of 143 adverse events (AEs) were reported in 44 patients (54%), including 13 (9%) grade 3 AEs (Table 3 ). The most common AEs observed were fatigue (32%), infection (12.3%), pruritus (8.7%), fever (9.7%), and rash (7.2%). Grade 2 and 3 autoimmune pneumonitis were observed in 6 and 1 patients, respectively. The treatment was discontinued in four patients due to a pulmonary AE, autoimmune encephalitis, and aggravation of GVHD in one, one, and two patients following the sixth, third, first, and ninth doses of nivolumab, respectively. Among the two patients who showed aggravation of GVHD, one patient who had already undergone allo-SCT showed CR with nivolumab; however, she died due to acute severe GVHD 6 months following allo-SCT. The other patient had PD following allo-SCT; she already had chronic GVHD and, following the first dose of nivolumab, she experienced GVHD exacerbation. As a result, nivolumab was stopped and steroid treatment was initiated. Consequently, the GVHD was ameliorated and her disease status was PR in the early evaluation; however, it progressed 9 months after the nivolumab cessation. 
Discussion
Herein, we presented the outcomes of 82 cHL patients from 24 centers throughout Turkey. This is, to our knowledge, the first real-life study on the topic. Our cohort resembles those published by Ansell et al. [9] , Younes et al. [10] , and Chen et al. (mainly cohort 1) [11] in terms of the patients' performance status, previous transplantation and BV treatment, and median number of previous lines of therapy. The ORR was reported to be 87%, with CR and PR rates of 17% and 70%, respectively, in Ansell's cohort [9] ; it was 72.5% with a CR rate of 28% in Younes' study [10] ; and 73.9% with a 21.7% CR rate in Chen's study [11] . Our response rates were comparable to these results, with early and late ORRs of 64% (95% CI 2.17-6.59; CR, 21%) and 60% (95% CI 3.03-17.7; CR, 26%; PR, 34%), respectively. Considering the finding that the ORR at our early response assessment, conducted at or before the 12th week of treatment, was 64%, we can conclude that the responses to nivolumab begin early in the treatment course. Further, PD after achieving an objective response was seen in 17% of responders, when compared with 21% of the responders in Younes' cohort [10] . Of note, in the peer-review assessment of the imaging materials collected from the centers, we found no statistical significance between the investigators' and central evaluations, which may be due to all centers having been informed about the revision of the Lugano classification regarding immunomodulatory therapy. The PFS and OS at 6 months were 76.9% and 98.7%, respectively, in Younes' study [10] . In Chen's study, the 9-month OS and PFS rates were 97.5% and 63.4%, respectively, with 46.2% of patients being on pembrolizumab at the time of analysis [11] . In our study, the 6-month OS and PFS rates were 91.2% (95% CI 0.83-0.96) and 77.3% (95% CI 0.66-0.85), respectively. Of note, the median OS and PFS were not reached, with 50% of patients continuing nivolumab at the time of analysis. Thirty-four patients (63% of responders) had a response duration of 6 months at the time of analysis.
The main difference between our cohort and the other cohorts discussed above is that the percentage of patients who bridged to transplantation was 24% in our study, whereas it was 8% in Younes' study [10] and 7% in Chen's cohort [11] . In our cohort, 20 patients underwent SCT (9 auto-and 11 allo-SCT). Although 6 of the 23 patients in Ansell's cohort were planned to undergo SCT, there are no data regarding their outcomes [9] . To our knowledge, our cohort involves one of the largest patient populations having the chance to bridge to transplantation following PD-1 inhibition, and this finding is worth discussing in detail. Nine patients underwent auto-SCT, four of whom had objective responses before transplantation; these patients had continuous responses at the 10th, 14th, 14th, and 17th month of follow-up, respectively. Among the 11 patients receiving allo-SCT, 8 showed objective responses to nivolumab (5 CR and 3 PR), all of whom (excluding 2 patients with recent allo-SCT who have not yet been evaluated) had ongoing responses at the time of analysis. In our cohort, 2 of the patients who had received allo-SCT before nivolumab treatment showed GVHD aggravation following nivolumab. One of these patients died due to acute severe GVHD and subsequent sepsis 6 months following allo-SCT, whereas the other patient responded to steroid therapy for one month. Her GVHD ameliorated and her disease status was PR in the early evaluation; however, it progressed 9 months following 0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81 nivolumab cessation. This information is consistent with the fact that anti-PD-1 therapy creates a long-lasting disturbance in the composition of the circulating T-cell population [16] . In the study recently published by Merryman et al., 39 patients (31 with HL) were reported to have undergone allo-SCT following nivolumab treatment [16] . Within the first year of their follow-up, grade 3 and 4 GVHD was seen in 23% of patients, and four patients died due to treatment-related complications (one hepatic obstructive syndrome, three acute GVHD). Forty-nine percent of this cohort received intervening salvage therapy before allo-SCT, and the median time between nivolumab cessation and transplantation was 62 days. Our cases of allo-SCT differ in that our patients received their transplantation at a median of 30 days after treatment, without any intervening salvage therapy. The median number of cycles of nivolumab before transplantation was nine and the median follow-up time (2 months) following transplantation was short in our study. In Merryman's study, the median number of nivolumab cycles before transplantation was eight, with a median post-transplantation follow-up time of 1 year. The rate of acute GVHD was 36% (4 of 11 patients) in the present study. One of our patients underwent allo-SCT 15 days of the last dose of nivolumab and died due to an atypical septic shock on D þ 11, with no fever or hypothermia, indicating early immune toxicity. Taken together, these data suggest that bridging to allo-SCT is feasible and encouraging with nivolumab; however, it may be associated with increased early toxicity. Determination of the optimal bridging conditions is needed by further analyses with a longer follow-up.
The safety profile of our cohort with nivolumab usage is comparable with that in other studies of PD-1 blocking agents in Hodgkin's disease. We encountered manageable side-effects, with only four cases of AEs leading to discontinuation of the agent. Considering our heavily pre-treated, relapsed or refractory cHL population, we had a low rate of discontinuation due to AEs and an acceptable safety profile.
There are some limitations in this study, including its retrospective nature and the short duration of follow-up, precluding accurate estimations of the OS and PFS. A longer follow-up is needed and we continue to follow our cohort to better assess the survival data and the durability of the responses.
In conclusion, considering the prognosis of patients refractory to BV and/or SCT, PD-1 blockers represent candidate treatments for heavily pretreated cHL, and they may serve as a bridge to transplantation, albeit with an increased risk of toxicity.
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